s 

628  *351 

W3sn3 

1983 


MONTANA  £f,  : lihpjipii 

ml  mm" 

HttSNA,  MQ»  A «•> 


K 


O' 


STUDY  MATERIAL 


STATE  DOCUMENTS  COLLECTION 


FOR 

SEWAGE  LAGOONS 


DEC  16  Ijvi 

MONT  ’ NA  ETATE  LfE.TARY 
1515  E.  6m  AVE. 
HELENA.  MONTANA  59620 


1 


OCTOBER  24,  1977 
Recopied  January,  1983 


WATER  QUALITY  BUREAU 
ENVIRONMENTAL  SCIENCES  DIVISION 
MONTANA  DEPARTMENT  OF  HEALTH  AND  ENVIRONMENTAL  SCIENCES 
HELENA.  MONTANA  59601 


MONTANA  STATE  LIBRARY 


S 628.351  W3sms  1983  c.1 
Study  material  for  sewage  lagoons  / 


3 0864  00057300  9 


^'1*3  \\y 


Material  for  this  manual  has  been  taken  liberally 
from  several  sources.  The  proceedings  of  the  2nd 
International  Symposium  for  Waste  Treatment  Lagoons 
held  June  23-25,  1970  and  the  proceedings  of  the 
Symposium  upgrading  Wastewater  Stabilization  Ponds 
to  Meet  New  Discharge  Standards  by  Utah  Water 
Research  Laboratory,  Utah  State  University,  provided 
much  of  the  material. 

Credit  should  also  be  given  to  South  Dakota  Department 
of  Environmental  Protection  for  excerpts  from  their 
"Wastewater  Stabilization  Ponds"  by  Bill  Aisenbrey 
and  to  Colorado  Department  of  Health,  Water  Quality 
Control  and  Public  Health  Engineering  Division  for 
excerpts  of  "Operation  and  Maintenance  of  Waste 
Stabilization  Lagoons"  by  James  Otto  Havens. 

The  Water  Quality  Bureau  of  the  Montana  State  Department 
of  Health  and  Environmental  Sciences  presents  this 
manual  for  the  assistance  of  all  operators  of  lagoon 
wastewater  facilities.  An  attempt  to  include  both 
technical  and  practical  materials  has  been  made  so  that 
the  operator  may  obtain  a broad  view  of  his  operation 
that  hopefully  will  lead  to  improved  water  quality  in 
the  State. 


Ken  Johnston 


INTRODUCTION 


It  is  uncertain  when  and  where  open  ponds  or  lagoons  were 
first  used  for  sewage  treatment  in  the  United  States.  During  the 
twenties,  cities  in  California,  Texas  and  North  Dakota  used  some 
form  of  pond  or  lagoon  to  discharge  raw  sewage  into.  A small 
ponding  installation  at  Bitterwater  San  Benito,  California  was 
constructed  about  1916  to  receive  oil  pumping  wastes,  waste  boiler 
water  and  domestic  sewage.  In  1924,  Santa  Rosa,  California  uncov- 
ered gravel  pits  which  the  City  Council  thought  would  serve  as 
natural  filters  before  the  water  entered  the  polluted  Santa  Rosa 
Creek.  The  gravel  bottoms  soon  became  plugged  and  the  pit  filled 
to  a depth  of  about  three  feet  and  it  then  began  to  operate  as  an 
oxidation  pond. 

In  1925,  a lagoon  irrigation  arrangement  was  set  up  by  V.M. 
Ehlers  for  the  City  of  Abilene,  Texas,  and  based  upon  this  success, 
an  experimental  pond  was  built  at  Texas  A § M College  in  1929. 

Some  have  given  credit  for  the  first  sewage  lagoon  to  North  Dakota. 
As  the  town  of  Fesenden  had  no  nearby  stream  to  handle  its  sewage 
effluent,  in  1928,  when  the  community  built  a sewer  system,  the 
sewage  was  piped  into  a pothole  about  a mile  west  of  the  town. 
Probably  the  first  deliberately  designed  sewage  lagoon  system  was 
built  at  Maddock,  North  Dakota.  This  installation  aroused  consid- 
erable enthusiasm  on  the  part  of  the  North  Dakota  State  Health 
Department  and  other  midwest  and  southwest  state  agencies. 

In  many  parts  of  the  United  States,  the  sewage  lagoon  has 
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become  a standard  treatment  process,  especially  in  smaller  towns 
and  cities  in  the  rural  areas.  It  is  not  surprising  when  the  low 
cost  of  construction,  the  low  expense  of  operation  and  maintenance, 
and  the  possibility  of  good  wastewater  treatment  are  considered. 

It  has  made  possible  the  achievement  of  secondary  treatment  by  all 
sewered  communities,  both  large  and  small,  in  the  state  of  Montana. 

But  the  use  of  the  sewage  lagoon  in  treatment  of  wastewater 
does  not  mean  that  all  discharged  wastewater  from  lagoons  meets 
the  requirements  of  full  secondary  treatment.  Lagoons  have  their 
problems  as  we  shall  see,  as  we  discuss  their  operation  and 
maintenance  in  this  manual.  Lagoons  operate  on  natural  and  some- 
times unpredictable  biological  forces.  The  fact  that  they  require 
little  operational  control  also  means  that  we  have  few  controls 
over  their  operation.  The  sewage  lagoon  is  an  example  in  which  man 
has  joined  with  nature  to  provide  an  environment  in  which  nature 
can  do  its  own  magic  work.  The  wise  operator  will  recognize  this 
and  by  learning  more  about  these  natural  biological  processes  that 
take  place,  he  will  better  be  able  to  work  with  and  assist  those 
processes  to  arrive  at  a good  clean  wastewater  discharge  into  the 
streams  of  the  state. 
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TYPES  OF  WASTEWATER  LAGOONS 


The  dictionary  defines  a lagoon  as  a shallow  sound,  channel 
or  pond  near  or  communicating  with  a larger  body  of  water.  For 
our  purposes,  we  will  use  the  word  as  defining  a body  of  water 
in  which  treatment  of  wastewater  takes  place.  There  are  a 
number  of  distinct  types  of  treatment  lagoons,  some  of  which  have 
limited  use. 

Anaerobic  Pre -Treatment  Lagoon 

This  includes  ponds  in  which  the  whole  content  is  anaerobic 
(the  absence  of  dissolved  oxygen) . The  common  septic  tank  and 
the  privy  are  common  examples  of  anaerobic  treatment  tanks.  These 
differ  from  anaerobic  lagoons  only  in  that  an  artificial  cover  is 
provided  to  shield  the  anaerobic  mass  from  contact  with  the  atmos- 
phere. In  many  ways,  the  physical  environment  and  the  treatment 
action  are  identical  to  those  in  the  anaerobic  lagoon.  Anaerobic 
lagoons  are  seldom  used  for  domestic  wastewater,  but  are  more 
common  where  highly  concentrated  wastes  are  to  be  treated,  such  as 
from  chicken  or  animal  feeding  operations.  The  anaerobic  lagoon 
has  the  ability  to  perform  a high  degree  of  treatment  in  such  con- 
centrated wastes.  Anaerobic  lagoons  are  pre-treatment  units,  as 
they  must  be  followed  by  additional  treatment  to  render  the  effluent 
suitable  for  discharge  into  receiving  streams.  As  with  all  anaero- 
bic actions,  odor  is  a problem. 
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Facultative  Lagoon 


A facultative  lagoon  can  be  defined  as  one  in  which  the  pond 
liquid  is  both  aerobic  in  part  and  anaerobic  in  part.  The  major 
part  of  the  oxygen  is  supplied  by  the  action  of  sunlight  and  algae 
cells  in  a process  called  photosynthesis.  As  a result,  unless 
there  is  mixing  taking  place,  oxygen  is  found  only  in  the  upper 
level  where  sunlight  can  penetrate.  Sewage  sludges  remain  on  the 
bottom  where  they  bee cme  anaerobic.  This  situation  is  normal  when 
the  surface  is  warmed  by  the  sunlight  and  the  warm  water  remains 
near  the  surface.  If  sun  radiation  continues  high  and  no  mixing 
takes  place,  as  on  a warm  day  with  no  wind,  algal  growth  takes 
place  only  in  a shallow  depth  near  the  surface  and  oxygen  for 
aerobic  treatment  is  not  available  at  middle  or  lower  depths. 

When  wind  speeds  are  sufficiently  high,  mixing  of  the  layers  takes 
place,  algal  growth  is  promoted  and  oxygen  is  distributed  through- 
out the  pond.  Mixing  usually  improves  the  biologic  activity  and 
hence,  treatment  of  the  wastes.  Because  of  the  alternating  aerobic 
and  anaerobic  conditions  in  a facultative  lagoon,  the  bacterial 
organisms  that  can  tolerate  such  conditions  predominate.  These 
are  called  facultative  organisms  from  which  comes  the  name  of  the 
lagoon. 

Facultative  lagoons  are  by  far  the  most  common  type.  The 
common  domestic  wastewater  or  sewage  lagoon  which  does  not  have 
aeration  equipment  is  a facultative  lagoon. 

High  Rate  Aerobic  Lagoons 

In  these  ponds,  the  depth  of  water  is  limited  to  12  to  18 
inches  and  the  retention  time  to  one  to  three  days.  The  shallow 
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depth  allows  a high  sunlight  radiation  level  to  penetrate  the 
liquid.  Mixing  by  mechanical  mixers  is  performed  several  times 
per  day.  Very  high  algal  concentration  develops  and  the  pond  is 
entirely  aerobic.  The  organic  material  in  the  waste  is  converted 
into  algal  cell  mass  which  then  must  be  separated  from  the  water. 
High  rate  lagoons  require  close  control  and  are  not  suitable  for 
small  communities  that  do  not  have  adequate  technical  control 
facilities. 

Polishing  Ponds 

A lagoon  following  a mechanical  or  other  treatment  plant  is 
called  a polishing  pond,  or  sometimes  a maturation  pond.  These 
serve  to  "polish"  or  "mature"  the  plant  effluent  by  reducing 
settleable  solids  and  fecal  bacteria.  Some  BOD  reduction  may  also 
take  place.  In  Montana,  polishing  ponds  are  often  used  to  follow 
a package  plant  before  discharge  into  a stream. 

Mechanically  Assisted  Lagoons 

A lagoon  with  recirculation  ability  is  classed  as  a mechan- 
ically assisted  pond.  The  recirculation  may  be  within  a cell  of 
the  lagoon  system,  or  it  may  be  between  cells.  It  has  been  suc- 
cessfully used  in  Sweden  and  has  been  used  with  success  in  Montana. 
Circulation  within  a cell  seems  to  serve  the  purpose  of  mixing  the 
contents  and  thereby  assisting  the  algal  growth  and  oxygen  distri- 
bution. Recirculation  of  second  or  third  cell  water  back  to  the 
influent  is  often  successful  in  supplying  additional  oxygen  to 
the  incoming  sewage  to  reduce  odors  and  increase  the  rate  of 
treatment . 
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THE  FACULTATIVE  SEWAGE  LAGOON 


Since  the  facultative  lagoon  is  by  far  the  most  common 

wastewater  treatment  facility  in  the  state  of  Montana,  we  should 

look  at  this  process  rather  closely.  The  behavior  of  a facultative 

lagoon  (from  here  on  we  will  just  call  them  lagoons),  is  a complex 

process  that  combines  physical  and  biochemical  actions.  To  get 

to  know  these  actions,  first  let  us  define  some  words  we  will  use. 

Aerobic  - the  condition  in  which  free  dissolved  oxygen  is 
available  in  the  water  or  sludge.  The  oxygen  can  come 
from  the  atmosphere  or  be  produced  by  plant  life. 

Aerobic  bacteria  - bacteria  that  can  exist  only  when  they 
have  free  oxygen  available  for  them  to  use. 

Algae  - a form  of  minute  plant  life  consisting  of  a single 
cell  which  contains  chlorophyll.  Algae  utilize  sun- 
light and  carbon  dioxide  to  produce  more  algae  cells 
and  release  free  oxygen  in  the  process  (photosynthesis) . 

Anaerobic  - the  condition  in  which  no  free  or  dissolved 
oxygen  is  present. 

Anaerobic  bacteria  - bacteria  which  exist  only  in  the  absence 
of  free  oxygen.  Anaerobic  bacteria  use  oxygen,  but  they 
obtain  it  from  chemical  compounds  which  have  oxygen  as 
part  of  their  structure. 

BOD  - BOD  stands  for  Biochemical  Oxygen  Demand.  This  is  a 
laboratory  test  which  determines  the  strength  of  a 
wastewater  by  finding  out  how  much  oxygen  the  bacteria 
will  use  to  decompose  the  waste.  BOD  is  a measure  of 
the  biodegradable  material  present. 

Bacteria  - bacteria  are  microscopic  organisms  consisting  of 
a single  cell.  There  are  thousands  of  different 
varieties.  Some,  called  saprophytic  bacteria,  use 
dead  organic  matter  for  food  and  are  the  ones  that  we 
depend  upon  to  decompose  the  organic  matter  in  waste- 
water.  Others,  called  parasitic,  need  a living  host 
for  them  to  exist.  Some  of  the  parasitic  bacteria  cause 
disease  in  humans  and  animals. 

Coliform  - a group  of  bacteria  that  are  found  in  the  discharge 
waste  from  warm  blooded  animals.  The  coliform  group  is 
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used  as  an  indicator  group  by  bacteriologists  to  detect 
contamination  of  water  or  food  by  sewage  or  animal  waste. 
Fecal  coliform  group  is  a group  of  colifoim  bacteria 
that  occur  only  in  the  body  discharge  from  warm  blooded 
animals.  The  coliform  bacteria  are  not  normally  patho- 
genic, but  their  presence  generally  indicates  the 
presence  of  pathogenic  bacteria. 

Detention  time  - the  theoretical  time  that  a particle  of  water 
is  retained  in  a tank  or  lagoon,  provided  that  there  is 
no  mixing  or  short  circuiting.  It  is  the  same  time  that 
it  would  take  to  fill  the  tank  or  lagoon  at  a given  flow 
rate. 

Dissolved  Oxygen  - oxygen  which  is  actually  dissolved  in  water. 
The  oxygen  may  come  directly  from  the  air  or  it  can  be 
produced  by  aquatic  plants  and  algae. 

Effluent  - the  treated  (or  partly  treated)  wastewater  that  is 
discharged  from  a treatment  plant  or  from  a lagoon  cell. 

Facultative  - bacteria  that  have  the  ability  to  live  in  both 
an  aerobic  or  an  anaerobic  environment. 


Influent  - wastewater  flowing  into  a plant  or  lagoon. 


pH  - pH  is  a measure  of  the  acidity  or  alkaline  strength  of 

a water.  pH  can  range  from  0 to  14  with  low  numbers  being 
acid,  7 is  neutral  and  14  is  strongly  basic. 


Parallel  operation  - 
Influent 


Effluent 


Pathogenic  - bacteria  or  virus  which  cause  disease  are  called 
pathogenic  organisms. 

Photosynthesis  - a natural  process  in  which  plant  life  that 

contains  chlorophyll  can  convert  carbon  dioxide  and  water 
into  new  plant  cell  material  and  release  free  oxygen. 

Septic  - a condition  of  sewage  in  which  oxygen  is  depleted  and 
anaerobic  organisms  flourish.  Septic  sewage  will  turn 
black  and  release  foul  odors. 

Series  operation  - 


Influent „ 

lagoon 

lagoon 

Effluent  „ 

— j 

') 
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Supernatant  - the  liquid  standing  above  a sediment  or  precipi- 
tate. 

Symbiotic  - the  living  together  of  two  dissimilar  organisms, 
in  which  the  association  generally  is  advantageous  or 
even  necessary  to  one  or  both  and  is  not  harmful  to  either. 

Such  a phenomenon  is  found  among  organisms  in  biological 
treatment  processes. 

Nature  has  a natural  process  of  destruction  of  dead  or  organic 
matter.  Consider  the  dead  leaves  that  fall  from  the  tree.  If  they 
are  left  in  a pile  on  the  ground,  they  begin  a slow  process  of  decay 
turning  eventually  into  a stable  form  of  humus.  The  process  is 
hastened  by  the  gardiner  who  piles  all  forms  of  waste  organic  material 
into  a compost  heap  and  encourages  it  to  decompose.  This  natural 
process  is  carried  out  by  saprophytic  bacteria,  some  of  them  aerobic 
(when  oxygen  is  present) , some  of  them  anaerobic  (when  no  oxygen  is 
present) , and  some  of  them  facultative  (when  oxygen  is  present  part 
of  the  time) . The  process  is  followed  in  a stream  or  lake  when 
organic  matter  is  present.  If  man  discharges  organic  sewage  materials 
into  a stream,  the  ever  present  bacteria  go  to  work  on  it  and  decom- 
pose the  objectionable  materials  into  more  stable  and  less  objection- 
able materials.  For  many  years,  mankind  allowed  nature  to  do  his 
sewage  treatment  in  this  very  fashion.  Now  man  is  too  numerous. 

Waste  is  too  great  for  the  streams  to  assimilate.  Water  is  too 
precious  to  allow  such  use  of  streams,  rivers  and  lakes. 

A sewage  lagoon  is  nothing  more  than  a man-made  facility  in 
which  this  natural  purification  process  can  occur  under  our  own 
control.  We  hold  the  polluted  sewage  water  in  a pond  or  series  of 

I 

ponds  for  a period  of  time  great  enough  so  that  the  bacteria,  with 
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help,  can  complete  their  process  before  the  cleaned  water  is  allowed 
to  enter  the  stream. 

A properly  designed  lagoon  will  operate  with  a liquid  depth  of 
from  3 feet  to  5 feet.  (In  some  cases,  a deeper  depth  may  be  desir- 
able.) It  must  be  deep  enough  to  discourage  the  growth  of  cattails, 
rushes  and  weeds,  but  still  shallow  enough  so  that  sunlight  can 
penetrate  into  a large  fraction  of  the  total  depth. 

The  embankment  slopes  should  not  be  steeper  than  3 horizontal 
to  1 vertical  nor  should  they  be  flatter  than  6 horizontal  to  1 
vertical.  The  slopes  should  be  flat  enough  that  they  can  be  main- 
tained easily  by  the  operator,  but  if  the  slope  is  too  flat,  the 
shallow  edges  create  ideal  conditions  for  vegetation  such  at  cattails 
to  gain  a foothold.  Cattails  provide  an  excellent  location  for 
mosquitos  to  breed  and  flourish.  The  freeboard,  which  is  the  height 
of  the  embankment  top  above  the  water  level,  should  be  at  least 
three  feet  in  most  cases.  The  banks  should  be  planted  with  low 
growing,  spreading  grasses  that  can  withstand  erosion  and  can  be 
kept  mowed.  Alfalfa  and  other  long  rooted  plants  should  not  be 
used  as  the  roots  can  impair  the  water  holding  ability  of  the  em- 
bankments. In  arid  areas  where  bank  grasses  cannot  be  grown,  the 
banks  should  be  riprapped  with  cobble  rock  to  reduce  erosion. 
Riprapping  or  some  form  of  bank  stabilization  is  usually  necessary 
in  any  lagoon  of  ten  acres  or  more  in  size. 

The  bottom  of  the  lagoon  should  be  level  and  should  be  tight 
to  prevent  liquid  loss  due  to  exfiltration  (seepage  out) , or  infil- 
tration (seepage  in  when  the  groundwater  table  is  high) . 


9 


The  size,  in  surface  area,  is  dependent  upon  the  load  that  is 
expected.  In  Montana,  lagoons  are  normally  designed  for  about  1 
acre  of  surface  for  every  20  pounds  of  BOD  per  day  for  domestic 
sewage.  Since  the  contribution  of  one  person  per  day  is  considered 
to  be  0.17  pounds  BOD  per  day,  it  also  follows  that  1 acre  is  re- 
quired for  about  every  100  population  in  an  average  community. 

Some  older  lagoon  systems  were  built  as  single  cell  lagoon  systems, 
but  these  are  being  expanded  to  two  or  three  cells.  Also,  the  newer 
lagoons  are  being  designed  with  a greater  retention  time  to  give 
greater  storage  between  discharge  cycles. 

The  shape  of  a lagoon  is  not  important  except  that  it  should 
not  be  so  irregular  that  it  might  have  small  or  narrow  areas  nor 
should  the  length  be  more  than  about  three  times  the  width. 

THE  PROCESS  OF  TREATMENT  IN  FACULATIVE  LAGOONS 

There  are  so  many  physical  and  biochemical  processes  going 
on  simultaneously  in  a sewage  lagoon,  that  it  is  not  easy  to 
simplify  them.  One  method  that  was  devised  by  Professor  G.  vR. 

Marais  of  the  University  of  Cape  Town  and  presented  at  the  2nd 
International  Symposium  for  Waste  Treatment  Lagoons  held  at  Kansas 
City,  Missouri  in  1970,  seems  to  present  it  quite  clearly.  This 
method  is  diagrammed  in  Figure  1.  Since  the  process  of  treatment 
of  organic  materials  in  sewage  is  a process  of  oxidation,  it  is 
a matter  of  energy  balance.  We  are  familiar  with  oxidation  when 
we  bum  dry  organic  material  (wood,  coal,  oil),  but  this  process 
of  oxidation  can  also  take  place  in  water,  although  much  more  slowly. 


10 


11 


Available  energy  enters  a lagoon  with  the  incoming  sewage  as  it 
brings  organic  matter  either  in  the  foim  of  dissolved  or  suspended 
solids.  The  energy  coming  into  the  lagoon  follows  in  a general 
way,  the  flows  depicted  by  the  arrows  in  the  diagram.  In  a 
facultative  lagoon,  energy  enters  also  by  sunlight  energy  and  it 
must  be  accounted  for. 

A portion  of  the  incoming  raw  sewage  consists  of  settleable 
solids.  These  settle  to  the  bottom  of  the  lagoon  and  the  organic 
portions  begin  a slow  process  of  decomposition.  Oxygen  is  absent 
in  these  bottom  sludge  layers  and  so  the  action  is  by  anaerobic 
bacteria.  As  this  anaerobic  fermentation  takes  place,  three  general 
products  are  released.  Gases,  largely  methane  with  some  carbon 
dioxide  and  nitrogen,  are  released  and  bubble  to  the  surface.  Some 
of  the  carbon  dioxide  and  other  gases  such  as  hydrogen  sulfide  may 
redissolve  in  the  water  above,  but  the  methane  escapes  to  the  atmos- 
phere and  this  escape  accounts  for  a very  high  level  of  energy 
destruction.  It  has  been  estimated  that  something  like  30%  of  the 
energy  of  the  incoming  BOD  load  is  released  in  this  fashion.  The 
fermentation  process  in  the  bottom  sludge  layer  plays  a very  impor- 
tant role  in  the  removal  of  pollutants  from  the  wastewater. 

Another  product  of  the  bottom  fermentation  is  liquid  organic 
material.  This  liquid  is  very  high  in  BOD  and  is  released  into 
the  lagoon  water  for  treatment  in  the  upper  aerobic  portions  of 
the  lagoon  water.  The  final  product  of  the  bottom  settlings  is  a 
stabilized  sludge.  Much  of  the  mass  of  the  original  deposited 
settled  sludge  has  been  changed  by  the  fermentation  so  that  the 
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build-up  of  bottom  sludge  is  much  slower  than  would  otherwise  be  anti- 
cipated. The  bottom  sludge  accumulates  at  less  than  1 inch  per 
year,  for  lagoons  in  Montana  operating  on  domestic  sewage. 

Fermentation  of  the  bottom  sludge  does  not  take  place  at  a 
fixed  rate  however.  The  process  is  temperature  dependent  and  comes 
to  a near  standstill  during  the  cold  winter  months.  As  the  temp- 
erature of  the  lagoon  rises  during  summer,  the  biological  activity 
increases  rapidly  and  the  accumulated  sludge  from  the  cold  months 
ferments,  releasing  the  gases  and  the  high  BOD  liquid  load.  For- 
tunately, it  is  during  this  time  that  the  upper  levels  of  lagoon 
waters  are  at  their  peak  of  treatment  activity,  and  are  able  to 
handle  this  increase  in  load  if  the  lagoon  is  properly  designed 
and  operated.  So,  the  sludge  layer  activity  has  a moderating  effect 
upon  the  overall  treatment.  During  the  winter  months  when  ice 
and  low  temperatures  restrict  the  ability  of  a lagoon  to  handle 
its  treatment  load,  much  of  that  load  is  stored  in  the  form  of 
bottom  sludge.  Warmer  temperatures  increase  the  activity  of 
the  organisms  during  the  warmer  periods  of  the  year  and  these 
bottom  sludges  release  stored  load  for  treatment  in  the  liquid  above. 

The  main  body  of  the  lagoon  cell  receives  its  load  from  both 
the  soluble  and  suspended  matter  carried  to  it  by  the  influent, 
and  as  discussed  above,  from  the  decomposition  of  the  bottom  sludge 
layer.  Inspection  of  the  energy  diagram  also  shows  an  energy  input 
from  sunlight.  Sunlight  is  essential  to  the  operation  of  a lagoon. 
Algal  cells  are  plants.  They  are  simple,  single-celled  plants  that 
contain  chlorophyll.  All  plants  containing  chlorophyll  go  through 


13 


a process  called  photosynthesis  in  which  carbon  dioxide  and  water 
are  utilized  to  produce  new  plant  cellular  material.  Sunlight  is 
necessary  for  the  process.  A by-product  of  this  growth  is  oxygen. 

If  the  plant  lives  in  air,  then  the  carbon  dioxide  is  removed  from 
the  air  and  the  oxygen  is  discharged  into  the  air.  If  the  plant 
lives  in  water,  then  the  carbon  dioxide  is  removed  from  the  water 
and  the  oxygen  is  released  into  the  water.  The  removal  of  carbon 
dioxide  from  the  water  by  the  photosynthesis  process  starts  a chem- 
ical shift  in  the  water.  Carbon  dioxide  is  in  a normal  state  of 
equilibrium  with  the  bicarbonate  and  carbonate  ions  and  hydrogen 
ions.  As  the  carbon  dioxide  concentration  is  reduced,  there  is  a 
corresponding  shift  in  the  hydrogen  ion  concentration  and  conse- 
quently, a change  in  the  pH  of  the  water  as  pH  is  a measure  of  the 
hydrogen  ion  concentration.  The  higher  the  hydrogen  ion  concen- 
tration, the  lower  the  pH.  In  its  simplest  terms  the  chemical  shift 
goes  like  this: 
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During  the  dark  hours  when  no  photosynthesis  takes  place  but  bacterial, 
respiration  produces  CO2,  the  shift  reverses,  and  an  increase  in 
hydrogen  ions  takes  place.  Consequently,  the  pH  of  a facultative 
lagoon  makes  a diurnal  (night  to  day)  swing  from  a low  just  before 
daylight  to  a high  at  the  end  of  the  day.  Similarily,  during  the 
period  of  no  sunlight,  the  oxygen  in  the  lagoon  is  utilized  and  may 
approach  low  levels  just  before  sunlight.  As  the  pH  increases 
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during  the  day,  there  is  also  an  increase  in  dissolved  oxygen  due 
to  photosynthetic  activity.  Organic  material  in  the  sewage  and  in 
the  released  liquid  from  the  bottom  sludges  must  be  broken  down  by 
bacterial  action.  While  the  algal  cells  produce  oxygen  and  release 
it  into  the  water,  bacterial  cells  go  to  work  upon  the  waste  and 
convert  it  into  simpler  and  stable  products  and  more  bacterial 
cells.  The  bacterial  respiration  consumes  oxygen  and  releases 
carbon  dioxide  back  into  the  water.  Thus,  a symbiotic  condition 
exists  in  a lagoon  where  the  algae  supply  the  needed  oxygen  for 
the  bacterial  action  while  the  bacteria  produce  the  carbon  dioxide 
needed  by  the  algae.  Other  nutrients  needed  by  the  algae  and  bac- 
teria are  usually  naturally  present  in  domestic  wastewater.  Some 
of  the  surplus  bacterial  cells,  algae  cells,  and  other  organisms 
die  and  drop  to  the  bottom  layer  where  they  are  subject  to  the  sludge 
layer  decomposition. 

Mixing  of  the  lagoon  is  probably  the  most  important  physical 
action  in  a lagoon.  It  affects  the  rate  at  which  the  bacterial 
degradation  takes  place,  the  growth  of  the  algae,  the  types  of  algae, 
the  number  of  algae  and  is  the  means  by  which  oxygen  can  be  distri- 
buted throughout  the  pond  liquid.  Good  mixing  always  increases  the 
capacity  of  the  lagoon  to  take  increased  pollution  load.  Poor 
mixing  leads  to  stratification  and  often  leads  further  into  "failure" 
of  the  pond  due  to  anaerobic  conditions  and  odors.  There  are  two 
natural  mixing  forces.  Wind  is  the  predominant  one,  but  mixing 
may  take  place  due  to  thermal  changes.  Under  normal  sunlight 
conditions,  the  surface  layer  will  warm.  Since  warm  water  is  lighter 
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than  the  cooler  water  underneath,  the  waters  will  not  mix 
unless  strong  winds  upset  the  thermal  stratification.  In  addition, 
some  algae  are  able  to  move  (motile)  and  will  seek  a light  level 
to  their  liking.  It  is  not  unusual  for  the  color  of  a lagoon  to 
change  somewhat  when  the  green  cells  near  the  surface  in  the  morning 
will  drop  to  several  inches  below  the  surface  at  midday  to  escape 
the  intense  light.  This  blanket  of  algae  in  turn  tend  to  keep  the 
upper  few  inches  warmer  than  the  lower  water.  During  quiet,  cloudy 
weather,  aerobic  treatment  may  be  taking  place  only  in  the  top 
foot  or  so  of  water.  The  incoming  load  and  the  load  from  the  sludge 
layer,  however,  continues  and  if  the  condition  persists,  the  lagoon 
can  become  overloaded  and  develop  bad  odor  problems.  Mechanical 
mixing  with  any  available  means  can  help  under  this  condition. 

The  greater  the  temperature  difference  becomes,  the  more  difficult 
the  mixing  becomes.  On  the  other  hand,  during  cloudy  weather  and 
cold  air  temperatures,  the  surface  may  become  cooler  than  the  lower 
layers  and  thermal  mixing  will  take  place  as  the  cool  (heavier) 
water  is  displaced  by  warmer  water  underneath.  This  thermal  mixing 
is  normally  in  the  top  levels  from  one  to  three  feet  below  the 
surface. 

The  effect  of  thermal  mixing  is  most  noticeable  in  the  early 
spring  of  the  year  in  Montana  and  other  northern  areas  at  the  time 
when  most  lagoons  have  their  annual  odor  problems.  Water  is  heaviest 
(maximum  density)  at  a temperature  of  39°F.  (4°C) . If  the  body  of 
a lagoon  reaches  a temperature  of  near  39°F  near  the  surface,  but 
cooler  or  warmer  than  that  at  the  lower  levels,  then  the  heavier 
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surface  water  will  drop  to  the  bottom  and  the  lighter  bottom  water 
will  rise.  Since  the  bottom  layers  are  anaerobic,  this  phenomenon 
will  bring  the  odorous  bottom  water  to  the  surface  creating  the 
annual  odor  problem.  Due  to  little  or  no  photosynthesis  during 
the  winter,  the  upper  layer  is  in  poor  shape  to  stabilize  this 
odorous  material.  Until  the  lagoon  can  stabilize  itself  and  generate 
an  aerobic  condition  near  the  surface  to  destroy  the  odors,  the 
operator  can  do  little.  An  artificial  supply  of  oxygen  such  as 
sodium  nitrate  can  sometimes  assist  the  recovery.  Some  operators 
spread  nitrate  on  the  ice  during  winter  to  make  it  available  as  the 
ice  melts  and  the  pond  goes  into  its  inversion. 

After  a cold  winter,  hot  summer  weather  with  low  wind  speeds 
is  particularly  adverse  to  maintaining  aerobic  conditions  in  a 
lagoon.  The  warm  temperatures  activate  the  process  of  fermentation 
in  the  sludge  layer  which  increases  the  load  upon  the  lagoon.  The 
lack  of  wind  will  lead  to  stratification  and  oxygen  production  will 
exist  only  near  the  surface.  If  oxygen  production  is  insufficient 
to  support  the  biological  treatment  demands,  the  lagoon  may  turn 
anaerobic.  At  this  points,  the  pond  may  go  into  a failure  with 
the  production  of  hydrogen  sulfide  odors,  highly  colored  algal 
blooms  and  mats,  pig  pen  odors,  high  BOD  effluent,  and  other  unde- 
sirable conditions. 

Thermal  stratification  can  also  lead  to  poor  effluent  by  short 
circuiting.  During  colder  weather  the  temperature  of  incoming 
sewage  is  warmer  than  the  lagoon  water.  The  influent  may  then 
travel  over  the  surface  almost  directly  to  the  outfall  with  little 
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treatment  taking  place  unless  wind  or  other  mixing  prevents  it. 
During  periods  of  ice  cover,  there  is  little  likelihood  of  mixing 
and  short  circuiting  can  easily  take  place. 

ALGAE  REMOVAL 

Probably  the  greatest  disadvantage  of  a lagoon  wastewater 
treatment  is  the  presence  of  suspended  algae  in  the  effluent.  The 
algal  cells  show  up  in  the  suspended  solids  test,  often  reaching 
high  levels,  and  also  create  a BOD  demand.  Some  experts  in  the 
field  believe  that  the  resulting  BOD  demand  on  the  receiving  stream 
is  much  greater  than  the  normal  5 day  BOD  test  would  indicate,  as 
the  decay  of  cells  is  slow  and  does  not  occur  entirely  within 
the  five  day  time  limit  of  the  standard  test.  In  some  cases, 
study  of  lagoon  effluent  upon  the  receiving  stream  has  shown  a 
serious  deteriorating  effect  upon  stream  quality. 

Many  studies  have  been  made  to  seek  effective  and  simple 
means  of  clarification  of  lagoon  effluents.  These  studies  have 
investigated  the  use  of  rock  dike  filtration  in  which  rock  of 
about  1 to  5 inch  diameter  is  placed  as  a filter  dike  near  the 
final  discharge  point.  Water  slowly  passes  through  the  void  spaces 
between  the  rock  and  collects  on  the  slimes  and  growths.  Some 
encouraging  results  have  been  reported  with  such  structures.  Other 
research  has  focused  upon  the  use  of  sand  filtration  to  remove 
suspended  algae.  While  the  use  of  sand  filters  will  clarify  lagoon 
effluents,  they  have  the  disadvantage  of  requiring  considerable 
expense,  operator  attention  and  manual  labor  for  cleaning. 
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One  operational  system  that  has  been  successful  in  several 
areas  of  the  country  has  been  a simple  isolation  of  a cell  for 
a period  ranging  from  five  to  twenty  days  without  any  influent. 
During  the  period  of  isolation,  the  bacterial  and  algal  processes 
continue  to  reduce  available  food  supply  (BOD)  until  the  shortage 
of  such  food  disrupts  the  noimal  actions.  The  algae  then  die  off 
and  settle  to  the  bottom.  The  water  becomes  clear,  the  suspended 
solids  (SS)  and  BOD  drop  to  acceptable  levels  for  discharges. 

The  isolated  cell  is  then  released  to  the  receiving  stream.  A 
foot  or  two  of  water  is  retained.  This  operation  schedule  can  be 
conducted  on  a regular  fill  and  dump  schedule  or  it  can  be  utilized 
as  part  of  a seasonal  program  with  spring  and  fall  discharges. 

The  following  steps  are  usually  followed: 

1.  Isolate  the  lagoon  cell  to  be  discharged,  usually  it 
is  the  final  one  in  a series,  by  valving  off  the  inlet 
line  from  the  preceding  cell. 

2.  Arrange  to  have  laboratory  analyses  for  BOD,  SS,  pH, 
and  other  parameters. 

3.  Plan  the  operator's  work  schedule  so  that  close  at- 
tention can  be  given  to  the  operation. 

4.  After  about  two  weeks  of  isolation,  sample  the  contents 
of  the  cell  to  be  discharged  and  have  the  laboratory 
determine  BOD,  SS,  fecal  coliform,  and  any  other  dis- 
charge permit  requirements. 

5.  Note  the  condition  and  flow  of  the  receiving  stream. 

6.  If  the  laboratory  results  are  acceptable,  and  if  the 
receiving  stream  flow  is  good,  set  the  discharge  rate 
so  that  a reasonable  rate  is  maintained  and  that  the 
discharge  will  be  complete  before  refilling  is  neces- 
sary. A gradual  opening  of  the  discharge  valve  may  be 
necessary  as  the  level  drops  in  order  to  maintain  a 
consistent  rate. 
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7.  Collect  samples  and  perform  analyses  as  required  by  your 
discharge  permit.  Keep  records  of  all  information  in- 
cluding dates,  times,  analysis  results,  flow  rates,  etc. 

When  the  cell  level  reaches  one  to  two  feet,  close  the  discharge 

off  and  refill  the  lagoon  with  water  from  the  preceding  cell  and 

repeat  the  process. 

AERATED  LAGOONS 

Any  wastewater  lagoon  in  which  mechanical  means  of  adding  oxygen 
to  the  water  are  used  can  be  classed  as  an  aerated  lagoon.  There  is 
a wide  difference  in  degree  of  aeration;  however,  and  in  practice 
aerated  lagoons  may  vary  from  completely  mixed  aerated  cells  to 
relatively  simple  air  bubblers  in  lagoons  that  are  primarily  facul- 
tative. In  general,  aerated  lagoons  can  be  classified  in  these 
three  general  types: 

(1)  Completely  Mixed  Aerated  Lagoons 

The  completely  mixed  aerated  lagoon  is  really  an  activated 
sludge  aeration  basin  which  does  not  have  the  sludge  return.  All 
solids  coming  into  a completely  mixed  laggon  are  held  in  suspension 
and  organic  stabilization  is  accomplished  by  suspended  bacteria  and 
other  micro-organisms.  Oxygen  for  the  aerobic  bacteria  is  supplied 
almost  entirely  by  the  mechanical  aeration  and  algae  are  not  present 
except  in  very  small  numbers. 

Because  a very  high  mixing  rate  is  needed  for  this  type  of 
aeration  cell,  surface  aerators  are  generally  used.  These  aerators 
are  designed  to  splash  and  throw  the  water  into  the  air  by  means  of 
paddles,  turbines  or  propellers.  They  may  be  mounted  on  fixed 
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platform  supports,  in  which  case,  the  water  level  must  be  held 
nearly  constant,  or  they  may  be  mounted  on  float  arrangements  and 
held  in  place  by  cables,  in  which  case  they  may  rise  and  fall  with 
water  levels.  In  completely  mixed  aerated  lagoons,  the  mixing  is 
more  critical  than  the  aeration. 

The  aerated  lagoon  maintains  aerobic  conditions  at  all  times 
in  the  liquid.  Since  aerobic  conditions  and  good  mixing  are  im- 
portant in  a completely  mixed  aerated  cell,  shutdown  of  the  aerators 
should  be  for  relatively  short  times.  This  is  especially  true 
during  cold  weather  when  even  short  shutdown  times  may  allow  ice 
to  jamb  the  surface  aerator.  The  surface  of  an  aerated  lagoon  can 
become  totally  frozen  over  during  a prolonged  shutdown  of  aeration 
equipment,  a condition  that  the  operator  should  keep  in  mind  if  a 
power  failure  should  occur  during  severe  weather. 

Surface  aerators  should  be  watched  carefully  during  winter 
weather  for  icing.  Some  aerators  are  more  susceptible  to  icing 
than  others,  but  splashing  water  will  freeze  upon  exposed  metal 
parts  and  cables.  This  can  be  a problem,  especially  with  floating 
aerators.  Ice  load  has  been  known  to  nearly  sink  or  capsize  floating 
aerators . 

It  is  normal  for  a completely  mixed  aerated  cell  to  have  a 
light  dispersion  of  brown  microbiological  floe.  These  are  essentially 
an  activated  sludge  of  micro-organisms  that  are  active  in  treatment 
of  the  waste.  Because  of  the  suspended  solids,  a quiet  area  near 
the  outlet,  or  a final  stabilization  pond  should  follow  the  aeration 
cell  to  allow  clarification  of  the  treated  wastewater. 
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(2)  Facultative  Aerated  Lagoons 

The  facultative  aerated  lagoon  has  a lesser  degree  of  mixing 
which  permits  the  heavier  solids  to  settle  to  the  bottom,  yet 
keeps  lighter  solids  in  suspension.  The  oxygen  supply  is  largely 
from  the  mechanical  aeration. 

Sludge  deposits  are  allowed  to  build  in  the  bottom  away  from 
the  aerators,  where  they  undergo  anaerobic  digestion  in  the  same 
manner  as  the  facultative  lagoon.  The  supernatant  liquid  which 
arises  from  the  anaerobic  digestion  of  solids  mixes  into  the 
aerated  liquid  and  is  treated  therein.  Aeration  requirements  and 
mixing  demands  are  somewhat  less  with  the  facultative  aerated 
lagoon,  but  the  same  winter  weather  precautions  should  be  taken 
that  are  described  under  the  completely  mixed  lagoon. 

(3)  Aerated  Oxidation  Ponds 

The  aerated  oxidation  pond  is  essentially  a typical  facultative 
lagoon  with  aeration  equipment  added.  It  is  a usual  practice  to 
use  diffused  air  equipment  to  aerate  an  oxidation  pond.  Mixing 
requirements  are  low  and  aeration  requirements  are  low,  as  most  of 
the  oxygen  for  the  process  is  supplied  by  algae  in  contract  to  the 
completely  mixed  and  the  facultative  aerated  lagoons.  The  use  of 
aeration  distributes  the  high  oxygen  levels  which  exist  near  the 
surface  of  a lagoon  into  the  lower  levels.  The  oxygen  supplied  by 
the  mechanical  aeration  is  a minor  amount  except  during  winter 
months,  when  algal  activity  is  low. 

Solids  settle  to  the  bottom  where  they  undergo  the  usual 
anaerobic  decomposition. 
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NOTES  ON  OPERATION  OF  SEWAGE  LAGOONS 


Depth 

Many  lagoons  are  operated  with  a complete  holding  of  water 
during  the  winter  when  efficiency  is  lower,  and  during  summer  months 
when  stream  flow  is  low.  If  you  operate  under  this  procedure,  check 
the  effluent  for  acceptability  under  your  permit  requirements  late 
in  the  fall.  If  it  meets  those  requirements,  draw  the  level  down 
to  about  two  feet,  then  retain  all  water  with  no  effluent  through 
the  winter  months.  In  the  late  spring  when  the  receiving  stream 
flow  is  high,  repeat  the  procedure  if  your  effluent  meets  discharge 
limits . 

As  sludges  build  in  the  bottom  over  the  years,  it  may  be  nec- 
essary to  increase  the  level,  especially  in  the  first  cell  if  free- 
board permits,  or  the  sludge  may  be  removed.  If  water  depth  is 
less  than  two  feet,  cattails  and  other  vegetation  will  grow  and 
become  a difficult  problem. 

Starting  New  Cell 

When  a new  cell  is  placed  in  operation,  it  is  beneficial  to 
add  two  feet  of  water  either  by  drawing  down  preceeding  cells  or  by 
adding  irrigation  or  river  water  before  placing  it  into  operation. 

It  is  not  necessary  to  artificially  add  biological  life  to  a new 
cell  as  algae  and  bacteria  will  appear  spontaneously. 

Floating  Scum  Mats 

Scum  mats  on  a lagoon  surface  are  most  often  caused  by  duck  weed. 
A mat  may  completely  cover  the  surface  of  a lagoon.  When  this  occurs. 
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photosynthesis  is  restricted  to  the  immediate  surface  of  the  mat 
and  the  lagoon  liquid  underneath  will  become  almost  totally  anaerobic. 
Temporary  relief  may  be  had  by  mixing  the  surface  with  a motor  boat  or 
other  means  of  mixing.  However,  best  results  take  more  work  and  this 
requires  physically  removing  the  mat  to  an  area  outside  the  lagoon 
(please,  not  to  the  stream).  When  the  mat  is  removed,  besides  opening 
the  surface  to  normal  operation,  a great  amount  of  organic  material 
is  also  removed  with  the  mat. 

Odors 


Waters  in  eastern  Montana  which  are  high  in  sulfates  usually 
cause  the  greatest  odor  problem.  Dairy  wastes  are  also  noted  for 
their  odor  producing  characteristics  in  a sewage  lagoon.  Where  the 
odor  period  is  prolonged  year  after  year,  a supplemental  aeration 
system  should  be  considered. 

Inspections 

Frequent  inspections  of  a lagoon  system  are  important.  Note 
the  depth  of  water  in  each  cell.  Check  the  flow,  both  influent  and 
effluent.  Watch  for  seepage,  leaks,  and  clogging  of  transfer  struc- 
tures. Keep  a record  of  your  measurements  and  observations.  As  an 
operator  becomes  familiar  with  a sewage  lagoon,  he  can  soon  correlate 
the  results  of  some  of  the  chemical  tests  with  visual  observations. 

1.  Note  the  depth  in  each  cell. 

2.  Check  influent  and  effluent  flow. 

3.  Check  influent  and  transfer  structures  for  clogging. 

4.  Weeds  at  water  edge  - remove  immediately. 

5.  Look  for  seepage,  leakage  - correct  immediately. 

6.  Note  odors  of  each  cell.  A spring  turnover  odor  is 
usual,  but  should  last  less  than  two  weeks.  During 
summer  months,  scum  accumulations  may  generate  odors. 

The  presence  of  blue-green  algae  mats  indicate  odor 
problems  and  overloading.  If  a first  cell  is  over- 
loaded, try  switching  to  parallel  operation  to 
relieve  overload. 
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7. 


Note  color  of  cells.  A green  colored  water  is  normal 
and  indicates  a healthy  lagoon.  Gray  color  indicates 
absence  of  algae  and  usually  an  overload.  On  occa- 
sions, a pink  or  purpleish  color  may  be  noted  due  to 
the  presence  of  sulfur  bacteria. 

8.  Look  for  gophers,  muskrats,  or  other  burrowing  animals. 

Maintenance 


Inspect,  clean,  repair,  lubricate  and  paint  mechanical  equipment 
such  as  lines,  valves,  pumps,  weirs,  or  Parshall  flumes.  Repair  in- 
fluent lines  and  outfall  structures,  and  keep  outfall  ditches  clean 
and  free  of  cattails. 

1.  Riprap  banks  where  erosion  starts. 

2.  Mow  grass  and  weeds. 

3.  Gravel  roads  and  driveways. 

4.  Keep  fences  in  good  condition.  Gates  in  good  order. 

5.  Repaint  signs. 

Sampling 

For  uniform  and  conparative  purposes,  samples  should  be  taken 
at  the  same  location  and  at  the  same  time  of  day.  pH  can  vary  widely 
depending  upon  time  of  sampling  and  conditions  of  temperature  and 
sunshine.  Samples  should  be  protected  from  light  and  be  refrigerated 
until  delivered  to  a laboratory. 

Flow  Measurement 

If  the  effluent  from  a sewage  lagoon  reaches  a surface  drainage, 
it  must  be  measured  to  meet  the  facility's  waste  discharge  permit 
conditions.  Snail  flows  can  often  be  measured  with  a five  gallon  (or 
other  container  of  known  volume)  and  a stop  watch.  For  larger  flows, 
a Parshall  flume  is  usually  the  most  accurate.  If  you  need  suggestions 
for  flow  measuring  devices  and  cannot  obtain  them  locally,  contact  a 
representative  of  the  Water  Quality  Bureau. 
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Analysis  for  Biochemical  Oxygen  Demand  (BOD) 

Analyzing  for  BOD  in  a lagoon  effluent  sample  is  very  difficult. 
For  example,  the  effluent  may  be  supersaturated  with  oxygen.  Upon 
shaking,  the  oxygen  above  saturation  will  leave  the  sample.  For  this 
reason,  before  adding  the  lagoon  effluent  to  the  dilution  water  (or 
the  other  way  around) , the  effluent  should  be  wanned  and  then  shook 
vigorously.  After  this  is  done,  the  effluent  is  ready  for  dilution. 

If  it  is  not  done,  BOD  values  will  probably  be  high. 

Another  thing  to  watch  is  - do  not  let  the  sample  sit  in  sunlight 
once  it  is  removed  from  the  incubator  after  the  incubation  period. 

Add  the  manganous  sulfate  and  alkaline  potassium  iodide  immediately. 
Other  wise,  algae  in  the  sample  will  start  to  work  and  produce  oxygen 
giving  erroneously  low  results. 

SEASON  CHECK  LIST  - LAGOON  OPERATION 


Fall 


1.  Check  condition  of  effluent.  If  it  meets  requirements 
of  discharge  permit,  draw  level  down  to  about  2'  depth. 

2.  Seed  dikes  (if  needed). 

3.  Remove  tumbleweeds  and  other  debris. 

4.  Repair  fencing,  gates,  signs,  valves,  etc. 

5.  Maintain  access  roads  as  may  be  necessary. 

Winter 

1.  Check  pond  for  cold  weather  problems. 

2.  Retain  all  wastewater  if  possible. 

3.  Discourage  ice  skating  or  playing  on  ice. 

4.  Remove  weeds  or  trees  at  shoreline. 

5.  Trap  burrowing  animals. 

Spring 

1.  Check  condition  of  lagoon  as  ice  melt  approaches.  Add 
nitrate,  if  needed,  to  control  odors. 

2.  Check  condition  of  effluent.  If  it  meets  requirements 
of  discharge  permit,  draw  level  to  about  2'  during 
receiving  stream  high  flow. 
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3.  Seed  dikes  if  necessary. 

4.  Make  any  necessary  repairs  to  roads,  dikes  and 
structures . 

Summer 

1.  Keep  grass  and  weeds  mowed. 

2.  Remove  cattails  and  vegetation  at  water  line. 

3.  Maintain  fencing. 

4.  Check  for  overloading  of  first  cell.  Switch  to 
parallel,  if  needed. 

5 . Control  mosquitoes . 

6.  Try  to  prevent  discharge  during  this  period  unless 
phase  isolation  can  be  utilized. 

All  Seasons 

1.  Perform  routine  maintenance. 

2.  Make  frequent  inspections.  Keep  records  of  discharge 
flow,  influent  flow,  weather  conditions,  influent 
temperature,  pond  temperature,  indications  of  floating 
mats,  algal  blooms  and  other  conditions. 

3.  Take  samples  for  analysis.  Note  date,  time,  and  other 
reportable  conditions. 


SOME  CALCULATIONS  USED  AT  SEWAGE  LAGOONS 


1.  Pond  Loading 

Loading  calculated  on  a population  served  basis  is  expressed 
simply  as: 

Number  of  persons  per  acre  = Popui^iop  SerA-^ed 


Example : 

Eight  hundred  people  are  connected  to  the  sewer  system  and  the 
sewage  lagoon  serving  the  town  has  a surface  area  of  10  acres.  Calcu- 
late the  loading  in  population  served  per  acre. 

Answer  = 800  people  = gp  people  per  acre. 

10  acres 


2.  Detention  Time 


Detention  time  (in  days) 


Lagoon  volume  (acre-feet) 
Influent  Rate  (acre -feet /day) 
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1 acre  = 43,560  square  feet  (sq  ft) 

1 acre-foot  = 326,000  gallons  (gal) 

Volume  of  lagoon  = acres  X depth  X 326,000  gal/acre. 


Example: 

The  influent  flow  to  a sewage  lagoon  is  100,000  gallons  per  day 
(gpd) . The  lagoon  is  800  feet  wide  and  850  feet  long  and  has  a depth 
of  5 feet.  Calculate  the  detention  time. 

Lagoon  volume  in  acre  feet  = 


800  ft  X 850  ft 
43,560  sq  ft/ac  x b 


78  acre  feet. 


Lagoon  influent  in  acre  feet  = 

3 2 00  O'  g al'/ac^f t = °-31  acre  feet/day. 

Detention  (in  days)  = = 252  <*>*• 

Note:  The  above  does  not  take  into  consideration  seepage  and 

evaporation. 


3.  Seepage  and  Evaporation  Problem 
Example: 

The  seepage  from  a lagoon  is  1/16  inch/day  and  the  net  evaporation 
over  rainfall  is  20  inches/year.  Calculate  the  net  loss  in  gallons  per 
year  for  the  lagoon  in  problem  #2,  due  to  seepage  and  evaporation. 
Seepage  = 1/16  in/day  x 365  days/year  = 23  in/yr 

Evaporation  = 20  in/yr 

43  in/yr 


43  inches/year 
12  inches/ foot 


3.6  ft/yr. 


Lagoon  in  acres  = 800  ft  x 850  ft  = 15.6  acres. 

43,560  sq  ft/ acre 


15.6  acres  x 3.6  ft/yr  = 56.2  acre  feet /year. 

56.2  acre  feet/year  x 326,000  gal/acre  feet  = 18,300,000  gal/yr. 
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4.  Lagoon  Discharge 
Example : 

For  the  lagoon  in  problem  #2,  the  lagoon  is  being  partially  emptied 
in  late  October  to  provide  winter  storage.  The  level  of  the  lagoon  is 
being  dropped  2 inches  per  day.  The  influent  is  100,000  gpd.  Calculate 
the  discharge  in  gallons  per  day  (gpd)  and  cubic  feet  per  second  (cfs) . 


800  ft  x 850  ft 

43,560  cu-ft/ac-ft  = 15 • 6 acre-feet/foot. 


2 in 

12  in/ ft 


x 


15.6  acre-ft/ft 


2.6  acre-feet/day. 


2.6  acre-ft/day  x 326,000  gal/acre-ft  = 850,000  gpd. 

The  100,000  gpd  influent  (assuming  no  seepage  or  evaporation)  must 
be  added  to  the  850,000  gpd; 


850,000  + 100,000  = 950,000  gpd 
to  convert  from  gpd  to  cfs,  divide  by  646,000; 


950.000  gpd 

646.000  gpd/cfs 


1.47  cfs. 


5.  Lagoon  Discharge  Measurement 
Example: 

A lagoon  discharges  through  a pipe  and  at  the  end  of  a pipe,  a 
5 gallon  bucket  can  be  placed.  It  takes  18  seconds  to  fill  the  bucket. 
Calculate  the  lagoon  effluent  flow  in  gallons  per  minute  and  in  gallons 
per  day. 

r , 60  seconds /minute  ^ , _ ..  1 . 

5 gallons  x 18  seconds = 16,7  gallons  Per  ™mute  (gpm) 


16.7  gal/min  x 1440  min/day  = 24,000  gallons  per  day  (gpd) 

6.  Calculation  of  Stream  Dilution 
Example: 

The  stream  above  the  discharge  from  problem  #4  is  flowing  25  cfs. 
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lie  discharge  from  the  lagoon  contains  10  mg/1  ammonia.  Ammonia  is 
considered  to  be  toxic  in  a stream  at  about  2 mg/1.  Is  the  stream 
adequate  in  volume  to  dilute  the  ammonia?  Calculate  the  ammonia 
concentration  after  it  is  diluted  by  the  stream.  Assume  no  ammonia 
in  the  stream  above  the  discharge. 

Flow  in  stream  after  addition  of  lagoon  effluent  = 

25  + 1.47  = 26.47  cfs. 

1.47  cfs  x 10  mg/1  = 26.47  x X mg/1 

X = -1','2'5~47'1~Q  = °*55  mg/l  of  ammonia. 

7.  Converting  Milligrams  per  Liter  (mg/l)  to  Pounds  per  Day 
Example: 

The  discharge  from  a sewage  lagoon  is  100,000  gallons  per  day  (gpd) 
and  the  BOD  of  this  effluent  is  60  mg/l.  Calculate  the  pounds  per  day 
discharged. 

Pounds  per  day  = mg/l  x flow  (in  million  gallons  per  day)  x 8.34 

100,000  gallons  per  day  (gpd)  = 0.1  million  gallons  per  day  (mgd) 

Pounds  per  day  = 60  x 8.34  x 0.1  =50 


8.  Lagoon  Efficiency 
Example : 

The  influent  BOD  to  a series  of  ponds  is  300  milligrams  per  liter 
(mg/l),  and  the  effluent  BOD  is  60  mg/l.  What  is  the  efficiency  of  BOD 
removal? 


BOD  Removal 


= -CIn.  ~ Qu*)  x 100% 

In 

(300  mg/l  60  mg/l) 

300  mg/l  x 100 

= 240  mg/l  x 100S 
300  mg/l 

(continued) 
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= 0.80  x 100% 

= 80%. 

9.  Changing  Temperate  from  Fahrenheit  (F)  to  Centigrade  (C) 

Example: 

The  temperature  in  a sewage  lagoon  effluent  is  measured  at  45°F. 
What  is  the  temperature  in  °C. 

C = 5/9  (F  - 32) 

= 5/9  (45-32) 
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